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PERFORMANCE OF THE COMPONENTS OF THE XJ34-WE-32 TURBOJET ENGINE
OVER A RANGE OF ENGINE AND FLICHT CONDITIORS
By John E. McAulsy, Adem E. Scbolewskl, emd Iven D. Smith

SUMMARY

Performence of the compressor, combustor, and turbilne operating as
integral parts of the XJ34-WE-32 turbojet englne was determined in the
Iewls altitude wind tunnel over a wide renge of flight oonditions. This
investligation was conducted with the electronic control inoperative.

. The peak compressor efficlenoy decreased from gbout 0.84 to 0.79 as
altitude was lncreased from 10,000 to 55,000 feet at a flight Mach number

of 0.53. For &ll flight condltions Investlgated, the peek compressor

efflclency ocourred at a compressor pressure ratlo of approximately 3.8
and & correoted alr flow of 55 pounds per second. The corresponding
corrected englne speed varled slightly wlth Reynolds number bubt was
ebout 11,800 rpm. Decreasing the Reynolds number generally resulted in
a decrease in compressor efflclency amd correoted alr flow for a glven
corrected englne speed and. oompressor pressure ratlo.

Within the range of flight Mach numbers investlgated, the ocombustion
efficienoy for rated emngine conditions remained constant at ebout 0.95
to altitudes of 25, 000 feet and. d.eo:r.'ea.sed. 'bo about 0.80 at an altltude
of 55,000 feet. :

Chenges in exhaust-nozzle area or flight Mach number haed no discern-~
ible effect on turbine efficlency. Within the range of corrected tur-
bine spseds encountered during englne operation, the chenge in turbine

. efficiency was small. Ab rated englne condltioms, the turbine efficlenocy

decreased from about 0.86 to 0.82 as the altitude was inoressed from
10,000 to 55,000 feet.

INTRODUCTION

An investigation was conducted in the NACA Lewls altitude wind tun-
nel to determine the altitude performance characteristics of the
XJ34-WE-32 turbojet engine. In conjunction with these over-all engine
performance deta, component performence date were obtalned for each of
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four exhasust-nozzle areas over & range qf altitudes from 5000 to e
55,000 feet and flight ‘Mach numbers from 0.2B to 1.05. At each flight e
condition and exhaust-nozzle. aree, data were obteined over an extensive

. range of englne speeds. . . L - . . ———

Performance date of thé compressor, combustor, and turbine are pre-
sented herein in graphlcel form to show the effects of changes in flighi
and englne conditions. A compressor map 1s presented for each flight
condition -Investigated. For the combustor and turbine, only typloal per-
formance data are shown. All data obtained are presented in tabular form.

2456

APPARATUS
Engine Components

The XJ34-WE-32 turbojet engline used in this inveestigation (fig. 1)
hes a statio sea-level.thrust rating of 3370 pounds (efterburner incper-
ative) a.'b an engine speed of 12,500 rym and & turbine-inlet tempersture
of 1525° P. The englne lg eq_uipped. wilth an af'terburner and an electronic
control which were inoperative during this Investigation.

Compressor. - The eleven-stage exial-flow campressor has a single -
row of inlet gulde vanes, a double row of outlet gulde vanes, and a sin-
gle row of mixer vanes. ' The compressor rotor ls shown in figure 2. The
blade-tip diameter of the eleven-stage rotor sectlion 1s 18.91 inches and
the bladé height varied from 4.71 1nches &t the first stage to 2.46 inches
at the eleventh stage. The compressor alr flow is e.bou.t 58 pound.s per
second at rated static sea-level conditions. -

Combustor. - The combustor (fig. 3) is of the annmular direct-flow
type with a double-annular basket that merges into a single annulus near
the downstream end. - Two concentric fuel manifold rings, with 24 and
36 matched fuel riozzles at the. inner and outer rings, reapectively, are
located at the upstream end of the double-snnilar basket.

Turblne. - The. two-stage sxial-flow turbine has a blade height of
about 3.9 inches for both rotor steges and a blade tip diameter of
20.81 inches. The turbine rotor is shown in figure 4.

Installation and Instrumentation =~ = 7 T TE

The engine was mounted on a wing segment in the 20-fpot-diameter .
test sectlon of the altitude wind tunnel. Dry refrigerated alir was .



&

9572 .

‘NACA RM ES1T10 . . . 3

supplled to the englne inlet through a duct from the tunmel make-up alr
system. This alr wes_throttled from spproximately sea-level pressure to
an engline-inlet total pressure oorresponding to the deslred f£light
condition.

Locatlion of the -Instrumentation used to determine c;mponen'b perform-
ance ls shown In figure 5. The temperatures meassured at the exhaunst-
nozzle inlet (station 7) were used as the turbine-outlet temperatures

. because of 'bhe ed.’feot of rad.ia:bion on 'bhe 'bempera'burea msasured. at gta~-

tion 5.

PROCEDURE

Dry refrigerated alr was supplled to the englne at the NACA stendard
tamperature for each flight condition except that the minimm temperature
obteined was sbout -20°.F. The data at an altitude of 5000 feet were
obtained using an inlet temperature that was regulired to give a Reynolds
number index of 1.00. Complete free-stream ram p:ressure recovery was
essumed at each flight conmditlion.

The followlng 'ba.ble indicates the fllght condltions at which data
were obtalned: -

Altitude | Flight Mach mumber
(£8) [70.28[0.55[0.79[1.05 -
5,000 x '

10,000 x

25,000 |- x x x x
40,000 X | x x
47,000 x

55,000 X X

At each of these flight conditlons, data were vbtalned over a renge of
englne gpeeds from about 6250 to 12,500 rpm at four fixed positions of
the varisble-ares exheust nozzle (projeoted. exhaust-nozzls areas from
1.063 to 1.902 sq ft) except when instrumentation difficultles were
encountered or when the englne operation was limited by elther excesslve
exhaust-gas temperature, cambustor blow-out, or compressor surge.

Deta were not obtalned because of instrumentation difficulties at
the following flight conditions: at altitude of 5000 feet, flight Mach
number of 0.28, and exhaust-nozzle area of 1.065 square fee'b for several
intermedlate . engir_J,e speeds between 6250 and 12,500 rpm; at altltude of
25,000 feet, flight Mach number of 1.05, and” exhaust-nozzle area of
1. 902 sq_uare feet. Limiting exhaust-gas temperature prevented data from
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being teken at rahed engine speed with an exhauwst-nozzle area of

1.063 square feet.at any flight condition mvestiga.ted.. Within the range
of £light Mach numbers investigated, ocmbustocr blow-out occurred at low
engine speeds above an altitude of 40,000 feeot. Campressor surge
occurred in the medium englne speed ra.nge (oorreoted. engline ppeeds
greater than 10,000 rpm and less than 12,000 rpm) with the émall exheust-
nozzle area. A.t- and below altltudes of. 25 000 feet end at the two high-
est £light Mach numbers investigated at an altitude of 40,000 feet, the ~
instabilities caused by compressor surge were small and the e:rh.a.ust-gaa
temperatures were not exceselve. It was 'hhere:f_‘ore possible to obtain

gome data at these flight conditions in the region of campressor surge.

The symbols and the methods of calculation used hereln are given In
eppendixes A and B, respectlively.

RESULTS AND DISCUSSION
Compressor Performance .

In order to slmplify the followlng discussion, an engline operating
point is defined by a glven corrected engine apeed and exhaust-nozzle
area; and a compressor operating point, by a given corracted englne Epaed.
aend compressor pressure ratio. .

Compressor performance mE'L' - Compressor performence mape for each
f£light condition Investigated are presented in flgure 6 where caxpressor
Pressure ratlo is plotted agalnst corrected air flow with lines of con-
stent corrected englne speed, compressor effiolency, and exhaust-nozgle
area.

Except near the reglon of ocompressor surge, increasing the alti-
tude from 10,000 to 25,000 feet at a fllight Mach number of 0.53 had no
appreclable effeot on engine operating polntg, but a further 1nocreass..
in eltltude shifted englne operating polnts at high corrected engine
speeds to hlgher campressor pressure ratios end lower dorrected air
flows on the compressor map (figs. 6(B), 6(e), 6(1), 6(J), and 6(1)).
At low corrected engine speeds the shift in englne operating points was
to lower corrected air f£lowe vﬁ.th no d.istinguishable o.‘nmge in compres -
sor pressure ratio. - : - .

The decrease in .corrected alr flow along w.l.th a decrease In compres-
sor efficiency was due to a decrease in Reynolds number as altitude was
increased.. The lower compressor effilciency required the turbine to pro-
duce more work per pound of gas to malntaln & glven corrected engine
gspeed. This requirement wes met by operating at a higher turbine-inlet
temperature. In order to satisfy the. conﬂ.ition of continuity, engine

Y
|

P



96%2

NACA RM E51L10 : W 5

~phe ;o -

operating polnts at high corrected englne speeds shifted to higher com-
Pressor pressure rablos. Apparently, this conditlon was satlsfiled ab.

10_: corrected engline speeds wlthout en lncrease in compressor pressure

ratlo. : : :

Except near the reglon of compressor surge, decreasing the flight
Mach number from 1.05 to 0.28 at an altitude of 25,000 feet (figs.6(c)
to 6(f)) shifted englne operating points at high ocorrected englne speeds
to higher compressor .pressure ratlos with no apprecleble change In cor-
rected alr flow. At low correqted englne speeds, engine operatlng polnts
shifted to hlgher compressor pressure ratlos and lower corrected alr
flows on the campressor map. The lncreasse in compressor pressure rablo
is attributed to a decrease in the energy of the inlet air as flight Mach
number was decreased, requiring that the turbilne produce more work (higher
turbine-inlet temperature)} per pound of gas in order to maintain a gilven
corrected engine speed. The amount the corrected alr flow decreased
depended on the slope of the compressor characterlstic and the magnitude
of the incresse in compressor pressure retic. At high corrected englne-
speeds, the corrected alr flow dld not ohange appreclably beocause the
compressor characteristlc was nearly vertlcal; wherees at low correoted
engine speeds, the corrected ailr flow decrease was primaerily due to a
decreagse I1n the slope of the compressor characteristic ourve.

The peak compressor effioclency decreased from about 0.84 to 0.79 as
altitude was increased from 10,000 to 55,000 feet at a flight Mach number
of 0.55. For all flight conditions investigated, the peak compressor
efficlency ococurred at a compressor pressure ratio of approximetely 3.8 -
end e corrécted alr flow of 55 pownds per second. At high Reynolds num-
bers (altitudes of 25,000 feet and less), this compressor pressure ratlio and
corrected air flow corresponded to a corrected engine speed of ebout
11,800 rpm; st low Reynolds numbers the correspondlng corrected englne
speed wes socmewhat higher.

As corrected englne speed wes increased above the value at which
pesek compressor efflclency wes encountered, the compressor efficlency
decreased &t a greater rate. This decrease in compressor efflclency 1s
attributed to mismatohing of the compressor stages, which resulted from
the compressibility and boundary-layer effects that could not be com-~
pletely accounted for 1n the campressor design. Therefore, i1f the englne
were operated at rated engine speed above the tropopause, the corrected
engine speed would be &bove 13,100 rpm at any flight Mach number of 1.00
or less end the compressor would be opereting in a region of oampressor
efficiency conslderably below the peak velue. For example, by extrap-
olating the date avallable at an altitude of 40,000 feet at a 1ight
Mach number of 0.53 and an exhaust-nozzle area of 1.138 square feet, the
compressor efflclency would be expected to decrease from about 0.81 bo
0.73 or less ess corrected engine speed was inoreassed from 12,500 to
14,000 rpm.- - : :
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As stated previously, several data points were obtained when the
compressor was in'a mild surge. The data presented in figure 6(f) are
a good example of how the compressor performsnce map 1s affected by -
compressor surge. At a corrected- engine speed of 11,000 rpm the cam-
pressor characteristlc curve assumed a positive slope 28 the exhaust-
nozzle area was decreased. Pogltlive slope of the compressor charaster-
istic 1s assoclated with compressor surge (reference 3). A significant
decrease In compressor efficlency also coccurred when the compressor was
operated in the surge region. . A ..

The Iincreasing effect of surge on the compressor performance
(figs. 6(b) and 6(e)) and the absence of performance data at the small’
exhaust-nozzle area (figs. 6(1), 6(3), and 6(1)) indicate that at a
gliven flight Mach nunber an increase in altitude resulted in incressing
restriction by compressor surge of the steady-state operating region. -
At a given altitude, decreasing the flight Mach number resulted in a
similar effect, as shown by figures 6(g) through 6(i). It is therefore
concluded that the steady-state operating region moved closer to the
surge line as a result of an increase 1n altitude or a decrease in .
flight Mach number.. ' ' :

Reynolds number effect on campressor operating pointg. - The effect
of Reynolds mumber on several campressor operating polnts 1s presented
in figure 7. For.a glven compressor operating point, decreasing the

Reynolds number generally resulted ln & decrease in compressor efficiency

end corrected alr flow. For example, as Reynolds number lndex is
decreased from 1.00 to 0.17 at a corrected engine speed of 12,500 rpm
and a compressor pressure rabtio of 4.2, the corrected alr flow_d.ecreases
from 58.0 to 57.0 pounds per second and. the ocampressor efflciency
decreases from 0.835 to 0.796. Thls decrease in Reynolds number index
corresponds to. an increase in altitude from ebout 10,000 to 55,000 fest
at a flight Mach number of 0.80. . '

The effect of operating the engine at rated speed at high altltudes

wes discussed previously. If, therefore, the enginé is operated at rated

speed st a given flight Mach number and the altitude is increased, the
compressor efficlency will dedrease becéuse of both decreased Reynolds
number at high altitude a:nﬁ. mismatching of the compressor stages at high
corrected speeds .. - . .- ) o

Combustor Performance . .. . .
Cambustion efficlency. - Tyrlcal effects of altitude, £light Meach
number, and exhaust-nozzle area on combustion efflclency are presented
in figures 8, 9, and 10, respectively, where cambustion efficlency 1s
plotted against. corrected englne speed. The primary va.jr_iab_l_es arffecting
combustion efficiency are fusl atomizetlon (messired roughly by fuel

2456
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flow, which determines the pressure ﬁ.itf‘erenoe across the fuel nozzles),
fuel-air ratio, and combustor-inlet pressure, temperature, and veloolty.
As 1t was impossible to lndependently combtrol these variables when the
combustor was operating as an Ilntegral part of a turbojJet engine, the
data do not lend themselves to presentation using the aforementiocned veri-
ables. By changing engine speed, altitude, flight Mach number, end
exhaust-nozzle area, the primary variables affecting ocmbustion eff1-
clenocy were all changed varylng degrees. For exemple, as the altitude
was Incressed at a glven corrected engine speed, fllght Mach number, and
exhaust-nozzle area,.the fuel-alr ratlio lnoreased, the combustor-inlet
Pressure and the fuel flow deoreased, and there was a negligible chamge
in combustor-inlet temperature amd. velooity. The increase in combustion
efficiency due to lncreased fuel-alr ratlo was small oompared with the
decrease In combustion effliciency which resulted from the decrease in
comhustor-inlet pressure and fuel flow. The net result was a reductlion
in combustion efflclency as sltltude was lnoreased.

A camblnation of ocurves similar to those of flgures 8, 9, and 10
or the data of téble I indicate that when the englne was opera.'bed. at
rated condltions within the flight Mach mummbers investigated, the cam-
bustion efflciency remained constant at about 0.95 up to an gltitude of
25,000 feet and decoreased to about 0.80 at an altitude of 55,000 feet.

Combustor total-pressure logs. - Representative data for various
flight conditions snd exhaust-nozzle areas are plobtted in flgure Il to
show combustor totael-pressure. loss coefflclent as a function of combus-~
tor total-tempersbure ratlo. The combustor total-pressure logs 1s a
sum of the friction loss and the momentim loss. When the oombustor
temperature ratioc is egual to wmlty, the entire total-pressure loss
through the combustor is due to frictlon. The data of figure 1l can
therefore be extrapolated to a combustor total-temperature ratio of 1,
which glves & combustor total-pressure loss coeffiolent due to fric‘bion
of 2.9. The method of calculating the combustor dynemiloc pressure is
given in appendix B. YValues of both combustor total-pressure loss coef-
flclent and combustor tobal-pressure loss ratlo are glven in table I.

Turbine Perfexmance

Turbine speed corrected to turbine-lnlet temperature l1s plotted
agalnst carrected engine speed in figure 12 showing typloal trends wilth.
altitude, £1ight Mach number, end exhanst-nozzle area. The primary
purpose of this figure is to serve as a connecting link between englne
opersetlon and turbine performmoe, which ocan be better shown when plot-
ted against corrected turblne speed.

Purbine pressurs ratio. - The oifi'eot of coxrected turbine speed,
exhaust-nozzle area, £light Mach nurber, and altitude on turblne pressure
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ratio 1s presented 1n figure 13. The effects shown are due to changes
In the matched operation of the turblne and compressor at various
steady-state conditions. When the engine wes operating at rated condi-
tions the turhlne pressure ratlo was approximately 2.0.

Turbine efficiency. -~ The effect of corrected turblne speed, exhaust-
nozzle area, flight Mach number, and altitude on turbine eﬂ’ioienoy is
Presented in figure 14. The data of figures 14(a) and 14(b) indicate
that within the.acocuracy of the data there was no discernible effect of
exhaust-nozzle area or flight Mach number ¢h turbine efficiency. Similar
plots abt other flight conditions esgree wlth this conclusion. Within the
renge of corrected turbine speeds encoumntered d.uring engine operation,
the change in turbine efficiency was small.

9gyz

I

At the corrected turblne speed that corresponded to rated engine
oonditions (sbout 6400 rpm), the turbine efficiency decreased fram aboutb
0.86 to 0.82 as altitude was inoreesed from 10,000 to 55,000 feet )
(fig. 14(c)). As shown in figure 13(c), the seme change in altitude
resulted in a small increase in turbine pressure ratic at amy glvem cor-
rected turbine speed. Simlilar changes in turbline pressure rabtlc obtained
by changing exhanst-nozzle area or flight Mach number hed no apparent
effect on turbine sfficlency (figs. 14(a) and 14(b)). This decresse in
turblne efficlency with incressing altitude may therefore be assoclated .
wlth a decrease in Reynolds number. -

Corrected turbine flow. - The effect of carrected tuwrbine speed,
exhaust-nozzle area, fllght Ma.oh number, and altitude on ocorrected turdine
gas flow 1s presented in figure 15. : Some. Incongistencles which could not
be explained exlsted In the values of corrected turbine gas flow. Within
the accuracy of the data, however, thers was no effect of exhaust-nozzle
area, flight Mach mumber, or altitude on corrected turbine gas flow. At
corrected turbine speeds above 6800 rpm the corrected turbine gas flow
was constent at 29.8 pounds per second, Indicating choking in the turbine.

SUMMARY OF RESULTS

The followling results_were obtalined from an investigation of the _ _
performance af the cqnponen'ts operating as integral parts of an S
XJ34=-WE-32 turbojJet englne In the Iewls altitude wind tunnel:

1. The peak campressor efficlency decreased from sbout 0.84 to 0.79
as altitude wes increased from 10,000 to 55,000 feet at a flight Mach —

number of 0.53. ..

2. At all flight oconditlons investigated the peak compressor effi-
clency occurred at approximately a compressor pressuré ridtlo of 3.8 end
a corrected air f£low_of 55 pounds per secomd. At high Reynold.s mzmbera

T
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(altitudes of 25,000 feet and less) thils compressor pressure ratlo and
corrected alr flow corresponded to a corrected engine speed of aboubt
11,800 rpm, whereas at low Reynolds numbers the corresponding corrected
speed was somewhat higher.

3. If the englne were opersted at reted speed &bove the tropopause
at or below flight Mach number of 1.0, the campressor would be operating
in a region of compressor efficlency considerably below the peak value.:

4. The steady-state operating region moved closer to the surge line
as a result ocE an inocrease in altitude or a decrease in flight Mach
number .

5. For a given compressor operating poilnt, decreasing the Reynolds
number generally resulted in a deorease in compressor efflclency and cor-
rected air Plow. Thus ’ as Reynolds number 1ndexr was decreased. from 1.00
o 0.17 at a corrected englne speed of 12,500 rpm and a compressor pres-
sure ratlo of 4.2, the corrected alr flcw decreased from 58.0 to
57.0 pounds per second end the. compressor efflclency decreased from 0.835
to 0.7968. This decrease in Reynolds number index corresponds to an
inorease in altitude from aboubt 10,000 to 55,000 feet at a flight Mach
number of 0.80. _

6. For rated engine conditions withln the range of flight Mach num-
bers investlgated, the cambustlon efficlency remained constent at about
0.95 up to en altitude of 25,000 feet end decreased to about 0.80 at an
altitude of 55,000 feet.

7. Changes in exhaust-nozzle erea or flight Mach number hed no dis-
cernible effect on turbine effilclency. Within the range of corrected
turbine speeds encountered dwring englne. operation, the changes In turbine
efficlency wes smaell. At rated engine conditlons, the turbine efflclency
decreased fram about 0.86 to 0.82 as altltude was increased from 10,000

to 55,000 feet.

Tewis Flight Propulsion Laboratory
National Advisory Committee for Aeronsublos
Cleveleand, Ohio
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APPENDTX A . —_
SYMBOLS
The followlng symbols are used 1n thils meport:
cross-gectional area, sq £t

specific heat at constent pressure, Btu/(1b)(°F)

2456

acceleration dus to gravity, 52.2 Pt/sec®
Mach number

engine speed, rpm . ) - .- ’  ial=

wzzm,do:>

total pressure, lb/sq ft sbsolute
static pressure, 1b/sq £t absolute . - ) o S L
theoretical dynamic pressure at combustor inlet, 1b/sg £t absolute

gas constemnt, 53.4 £t-1b/(1b)(°R) LT

total tempersture, °Rr

¢ B W o o

static temperature, °r
LA air flow, 1b/sec
fuel flow, 1b/hr
ges. flow, 1b/sec
ratlo of speciflc heats

8 pressure correction factor, P/2116. (total pressure divided by
NACA standard sea-level pressure)

] efflciency

© absolute viscosity, 1‘n-seo/f'b2

e temperature correction factor, 97/(1.4)(519) (product of 7 and . .
total temperature divided by product of 7 at standard NACA N
gsea-level temperature and standard NACA ses-level temperature) _

¢ visoosity factor, pfu, (viscosity divided by NACA standard sea- .
level visocosity)
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Subscripte:

0 free-streem conditions

1l inlet duot. at frictionless slip Joint
2 compressor Inlet

3 compressor outlet, combustor inlet
4 combustor outlet, turbine inlet

5 turbine outlet

T exhaust-nozzle Inlet

b burner

c campressor

t . burblne
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APPENDIX B
METHODS OF CALCULATION - : -

Alr flow. - Alr flow was caloulated at statlon 2 by use of the
followlng equation:

Yo-1

. 27,8 Pg\ 72 1
- -
a,2 Phy (75-1) Ry |\ P2

Aly flow at the other stations in the engine was congldered the same es
that at station 2. The gas flow downstream of the combustor 1s .

acye

Ve

Wg = Wa,2 + 55050

Reynolds number index. - For a glven compressor Mach number (cor-
rected engine speed) Reynolds mmiber index varles linearly with Reynolds
number and is defined as the ratio of Reynolds number &t altitude to
Reynolds number at standard sea-level condltions. _ -

8y

Re 1nd ='—7== -
(-] oxX ¢2 92 ]

combustofr dynemic pressure. - In order to caloculate a cambustor
dynamic- pressure, based on.& orosg-sectlonal area of 1.78 square feelb,
a combustor Mach number was first calculated. with the eguation

My = wa.,S VTz
73tl  0.776 A Pzr/7
4 ) APz V73
73 2
1l + 5 My,

Q=3 Pz My
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therefore

where

Turbine~inlet

73 = 1-4:0

erature. - Turbine-lnlet temperature was calcu~
lated. from the foilow:lng equatlion, which assumes compressor and turbine

work equal:

T, = [ - T] + T
4 2 7
) 8:4 P:
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Campressor pressure ratio, Pz/P,
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Figure 6. - Compressor performance map.
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Compressor pressure ratio, Pz/Pp
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Figure 6. - Continued. Compressor performence map.
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Compressor pressure ratio, Px/Pp
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Compressor pressure ratio, Px/Pp
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Figure 6. - Continued. Compressor performance map.
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Campressor pressure ratio, Px/Pp
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Corrected air flow, Wa/8/8, 1b/sec -

(e) Flight Mach number, 0.53; altitude, 25,000 feet; Reynolds
number index, 0.534.

Flgure 6. - Continued.
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Compressor pressure ratio, Pz/Pp
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Compreesor pressure ratio, Pz/Pp
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Compressor pressure ratlo, P5/P2
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Compresgor pressure ratio, Pz/P,
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Compressor pressure ratio, Pz/Pp
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Flgure 8. - Erfec;t. of corrected. engine speed and altltude on combustion efficlency.
Flight Mach number, 0.53; exha.\.l.st-noz_zle.as_:ea., 1.334 squere feet.
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Figure 9. - Effect of corrected engine speed and flight Mach number on combustion
efficiency. Altitude, 25,000 feat; exhaust-nozzle erea, 1.334 square feet.
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Figure 10. - Effect Of corrected engine speed and exhasust-nozzle aree on combustion
efficiency. Altitude, 25,000 feet; flight Mach number, 0.53.
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(c) Effect of altlitude at flight iach muber of 0.55 and exhaust-

nozzle area of 1.334 square feet.

Figure 12. - Bffect of corrected engine speed, exheust-nozzle area, flight Mach mumber,
and altitude on corrected turblne speed.
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Flgure 13.. - Effect of corrected turbine speed,- exhaust-nozzle ares, flight Mach
number, and altitude on turbine. pressure ratio.
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(c) Effect of altitude.

Figure l4. - Bffect of corrected turbine speed, exhsust-nozzle area, flight Mech num-
ber, and altitude on turbine efficiency.
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